ABSTRACT -Diabetic peripheral neuropathy (DPN) is a common complication of diabetes mellitus when glycemic levels are poorly controlled. Sometimes DPN is accompanied by vasculopathy (DPV), which can worsen the clinical prognosis. The aim of this study was to analyze the gait parameters of nondiabetic individuals and diabetic individuals with DPN with or without DPV. Method: The study included 68 individuals (50 to 65 years old) divided into three groups: people without diabetes mellitus (n = 33), diabetic patients with DPN (n = 18), and diabetic patients with both DPN and DVP (n = 17). The participants underwent a gait evaluation using electronic baropodometry to obtain the single and double support, velocity, and pressure-time integral. Results: The pressure-time integral, velocity, and single support variables were lower, and the double support and double support/single support ratio were higher in the diabetic neuropathy and vasculopathy group. The velocity was lower the greater the degree of impairment of the diabetic foot. Some correlations were identified with velocity. Conclusion: In diabetic individuals, there was a significant worsening of the gait parameters analyzed according to increasing degree of clinical impairment.
Introduction
Diabetic peripheral neuropathy (DPN) is the most common chronic complication of diabetes mellitus (DM), affecting approximately 50% of patients 1 . When associated with vascular impairment of the lower limbs, this generates a set of changes in the feet, characterized as diabetic foot 2 . Over the course of the disease, there may be deformations, decreased mobility, and muscle hypotrophism of the foot and ankle, resulting in changes in plantar pressure and thus predisposing the individual to the development of ulcers and the risk of falls [3] [4] [5] [6] . This, added to deficits in the motor control system, intensifies the imbalances and alterations in posture and gait 3 . Investigations in this population indicate a reduction in gait velocity and step length increasing the duration of the support phase, a decrease in the mobility of the ankle joint, a redistribution of joint moments, and changes in kinematic lower limb and muscle activation, compared with the normal range of subjects without diabetes [7] [8] [9] [10] . According to the International Working Group on Diabetic Foot (IWGDF), based on the aggravation of lower limb complications and thus, the severity of peripheral neurovascular afflictions, the feet of diabetic patients can be classified into categories 11 . This is easy to apply in a clinical setting and could be important to aid the understanding of the clinical condition of diabetic patients. Accordingly, early studies suggest possible relationships between the degree of incapacity in the diabetic population and the disability in gait variables 10, 12 ; however, without considering the presence of diabetic peripheral vascular disease (PVD), creating a gap in the scientific knowledge since the population with this level of impairment presents a challenge due to the limited ability to walk without the need for auxiliary gait devices. In this sense, the present study aimed to analyze the influence of peripheral neurovascular impairment on gait variables, believing that the confirmation or dismissal of this relationship could contribute to awareness of the risks of the chronic complications of diabetes, as well as highlight the importance of early intervention.
Thus, this study aimed to analyze the behavior of gait parameters of non-diabetic and diabetic individuals with neuropathy and/or peripheral diabetic vasculopathy.
Method
This was an observational, cross-sectional controlled study, developed at the Clinical Studies Laboratory in Physical Therapy (LECFisio) at the School of Science and Technology -Universidade Estadual Paulista (UNESP), Presidente Prudente -SP.
All participants, in accordance with the means and purposes of the research, signed the informed consent form. All procedures complied with the ethical principles for clinical research
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Vasculopathy associated with peripheral neuropathy in gait parameters of diabetic people involving human beings and were approved by the Research Ethics Committee of the proponent university (protocol number: 10/2011).
Sample
Initially, a sample size calculation was carried out based on a sampling error of 0.2, from which it was determined that the groups required a minimum of 18 subjects; however, some groups exceeded this value. The final sample consisted of 68 subjects divided into three groups: CG -control group (n = 33), 30% males and 70% females, NG -diabetic neuropathy group (n = 18), 40% males and 60% females, and NVG-diabetic neuropathy and vasculopathy group (n = 17), 60% males and 40% females. The CG contained a higher number of individuals than expected due to the high number of eligible volunteers, whereas there was some difficulty composing the NVG as individuals with these levels of complication rarely walk independently.
Sample Selection Criteria
Inclusion in the CG: an absence of diagnosis of DM and/or other diseases of possible neural damage, sensitivity to 2 g monofilament (described in the procedure section), preserved feet confirmed by somatosensory sensitivity, ankle/upper arm index above 0.90, and normalcy of blood perfusion, with differences in this index value between the upper and lower limbs of less than two points and grade 0 of impairment of diabetic foot according to the IWGDF 11, 13, 14 . Inclusion in the NG: medical confirmation of type 2 DM, DPN confirmed by insensitivity to the 10 g Semmes-Weinstein monofilament in nine points in the plantar region and two in the dorsal region 13 and the Scale for Diagnosis of Diabetic Distal Polyneuropathy 15 , without a medical diagnosis of peripheral vascular disease, ankle/upper arm index greater than 0.9 (obtained by analysis and Doppler sphygmomanometer in the upper and lower members), and blood perfusion with a difference of up to two points between the upper and lower limbs measured by the oximetry test on the fingers and toes and grade 1 diabetic foot impairment 11 . Inclusion in the NVG: medical confirmation of type 2 DM, DPN, and PVD. DPN confirmed by insensitivity to the 10 g Semmes-Weinstein monofilament at least one of the 11 points tested in the plantar and dorsal regions of the foot 13 and the Scale for Diagnosis of Diabetic Distal Polyneuropathy 15 . Change in the circulation and peripheral blood perfusion, detected respectively by an ankle/arm index of <0.90 (obtained by analysis and Doppler sphygmomanometer in the upper and lower members) and by values that differ by two or more points between the upper and lower limbs in the oximetry test 14 . Medical confirmation of peripheral vascular disease and grade 3 diabetic foot involvement 11 . In all groups, the absence of other neurological or neuropathic diseases and the ability to understand the tests were mandatory.
Participants who presented a history of alcohol abuse and/or nephropathy of multiple causes, smokers, and former smokers were excluded.
Procedures
The same researcher performed the evaluations with expertise in diabetic patient evaluation and the subjects underwent an initial assessment to obtain personal and anthropometric data (body weight and height) using an electronic scale (Welmy, W110H, Brazil), which was used to calculate the body mass index (BMI) in kg/m 2 . The following aspects related to diabetes were evaluated: presence and type of diabetes, time of medical diagnosis, and postprandial blood glucose. A foot inspection was performed to verify skin condition and the presence of ulceration and/or amputation.
To confirm the DPN, the Scale for Diagnosis of Diabetic Distal Polyneuropathy was applied, composed of the Neuropathy Symptom Score (NSS) and the Neuropathy Disability Score (NDS) 15 . For the NSS, a score of 3-4 implies mild symptoms, 5-6 moderate symptoms, and 7-9 severe symptoms and for NDS, scores of 3-5 are considered mild neuropathic signs, 6-8 as moderate, and a score of 9-10 as severe neuropathic signs. In addition, the somatosensory sensitivity test was applied using Semmes-Weinstein monofilaments (Sorri-Bauru, Brazil). This test consisted of stimuli with nylon monofilaments to 11 points on the feet (nine of them in the plantar region and two in the dorsal region), which stimulate sensory fibers; each participant was instructed to inform the evaluator the moment they felt the percussion wire. Graduation was recorded by the smallest diameter felt. For the feet, the first three monofilaments (0.05 g, 0.2 g, and 2 g) correspond to normal sensitivity values; therefore, 2 g was considered the limit of normal sensitivity. A lack of response to a 10 g monofilament was essential for the diagnosis of peripheral neuropathy 13 . As an additional means of confirming the validity of the response to the test, the volunteers were requested to inform the investigator in which region they had felt the stimulus.
Vasculopathy was confirmed by evaluating the peripheral circulation using the ankle/brachial index (ABI) and the assessment of blood perfusion using a finger oximeter, with the individual in the supine position, having previously rested for 5 min 14, 16 . To assess the ABI between the upper and lower limbs, three recordings of systolic pressure of the brachial arteries (proximal pressure) and posterior tibial (distal pressure) were collected in the right and left limbs, using a Doppler ultrasonic device (DV-2001, Medpej®, Brazil) and sphygmomanometer (Becton Dickinson, USA). The ABI was calculated from the ratio between the greatest brachial systolic pressure value and systolic pressure at the ankle. When the result was <0.90, a diagnosis of peripheral obstructive arterial disease was considered. The assessment of blood perfusion was performed in the hallux of both feet and compared with values obtained from the forefingers of both hands by means of a finger oximeter (Nonin Onyx®, USA). The result was considered altered when the oxygen saturation was less than the index finger by more than two percentage points.
The evaluation of gait parameters was performed by means of a 2 m long electronic baropodometer (FootWork Pro®, AM CUBE, France), with a sampling frequency of 200 Hz, adapted to a gait track with a total length of 8 m allowing for acceleration and deceleration of motion in the three initial and final meters. Analyses were performed using FootWork Pro® software, version 3.7.0.1 (IST Informatique -Intelligence Service et Tecnique, France).All participants underwent a period of adaptation to the equipment prior to data collection. Each subject was instructed to walk barefoot on the gait track three times. Data from six complete cycles of gait for the two intermediate meters of the track were captured automatically by the software.
The values of the pressure-time integral (kgf/cm 2 /ms) (ratio between the area of the foot that sustained higher weight for a longer period of time during the gait cycle) and some gait spatiotemporal parameters such as velocity (m/s) (ratio of length and total time of the stride), the double support period (%), (the sum of the time when both feet are in contact with the ground during a step), single support period (%) (the time at which a foot is loading the weight on the ground while the other oscillates) and double support/single support ratio (division between the value of the double support and single support, wherein values greater than one indicate a higher value of double support and values lower than 1 account for a higher value of single support) were analyzed.
The velocity was calculated by the division between the stride length and cycle time variables, generated by the software and the mean of these values was used in the analysis. The values of double support and full support were extracted from the graph, which presents completed cycles of the gait for both lower limbs, generated by the software.
To obtain the single support period the double support time (start and end) was subtracted from the value of full support.
Statistical Analysis
Statistical analysis was performed initially by applying the Komolgorov-Smirnov test to check for normality of the distribution of all study variables. Then, the comparisons between groups were analyzed using ANOVA with Tukey's post-test when the distribution was normal and the Kruskal-Wallis test with Dunn's post-test in cases of non-normal distribution of data; only the time-pressure integral presented a non-normal distribution. Subsequently, ANCOVA was used to analyze gait parameters adjusted by velocity. In addition, Pearson correlation tests were applied to analyze the possible relationship between the double support/single support ratio and pressure-time integral variables with the gait velocity and, as complementary analysis, these variables were tested in a linear regression model. Spearman correlation was used to verify possible relationships between foot impairment with gait parameters. Analyses were performed using SPSS 13.0 software and the significance level was 5%.
Results
The sample characteristics are described in Table 1 . The gender variable was dichotomized and compared between groups by means of categorical statistical analysis that identified no significant difference between groups (p > 0.05). Note: Different letters on the same line indicate significant differences between the groups, equal letters on the same line indicate no difference between the groups. † some physical aspects of the feet such as dryness, blemishes, skin tears, and ulcers. *p < 0.05; NA: not applicable.
We chose to present the average of the right and left lower limbs for the pressure-time integral values and for the spatiotemporal gait variables when no statistical differences were detected between them (p > 0.05). Table 2 presents comparisons between the groups regarding the pressure-time integral, velocity, double support, single support, and double support/single support ratio variables. In addition, ANCOVA analysis adjusted by velocity was performed in which the behavior of the other gait variables could be observed, regardless of velocity. It can be seen that only the pressure-time integral lost significance during this adjustment.
Regarding velocity, negative correlations were identified in relation to the values of double support/single support for the NG (p = 0.002, r = −0.7718) and NVG (p = 0.0233, r = −0.5763) groups compared to the CG. Furthermore, in general, the velocity was negatively correlated with the pressure-time integral variable (p = 0.0143, r = −0.4224).
In the Spearman correlation test, the degree of impairment according to the IWGDF was related to the pressure-time integral (r = 0.381, p < 0.0001), double support (r = 0.646, p < 0.0001) single support (r = −0.544, p < 0.0001), gait velocity (r = −0.776, p < 0.0001), and double support single/support ratio (r = 0.669, p < 0.0001). The values from the linear regression model are also displayed in Table 4 , considering the relationship between the severity of the disease and baropodometric variables. 
Discussion
This study aimed to analyze the behavior of gait parameters according to the severity of the disease complications of individuals with and without diabetes, enabling, through the results, the inference that the higher the degree of impairment, represented by the association of peripheral vascular disease, the worse the behavior of the gait which, in turn, reflects on the functionality and independence of this population in basic day-to-day activities. The double support, single support, double support/single support ratio, and pressure-time integral variables behaved similarly. Summarized, they demonstrated a significant difference between the CG and NG groups compared with the NVG, with no difference between the CG and NG groups. Therefore, it is believed that alterations in these variables are strongly related to the presence of peripheral vascular disease and a history of ulcer or amputation associated with DPN, present in the NVG group, according to a previous study 17 in which the danger of an association between vasculopathy and DPN in aggravating the chronic complications of diabetes is pointed out, as it is considered an important predictor for the occurrence of plantar ulceration in the feet of diabetic patients. Thus, the prevention of DPN and clinical evolution to a more impaired condition with vasculopathy in diabetic individuals may be the key to the prevention of disability of gait parameters.
An increase in the double support/single support ratio was also proportional to the complications of DM, as evidenced by the positive correlation between these variables. This fact can be explained by increased double support values associated with decreased single support values, confirming the difficulty in maintaining the gait swing phase, which may indicate a balance deficit and hence, a greater risk of falling 18, 19 . A previous study found a longer period of support in the gait of patients with DPN, suggesting that this was due to the generation of compensatory mechanisms of a musculoskeletal nature, as well as finding aggravations of other variables related to gait 4 . However, the present data showed that this condition was significant only in the NVG; therefore, it is probable that the individuals in the NG group have developed a compensatory mechanism during gait that favors the space-time variables, among them, velocity that may represent a considerable tool; however, not the NVG individuals. This is another point that highlights the importance of not having controlled the pace of the participants to a single speed, as it is important for clinical research to capture these functional artifacts.
Similarly, due to the positive correlation detected, the aggravation of the pressure-time integral was proportional to the complexity of the complication of DM. This finding could be one possible explanation for the fact that increases in peak plantar pressure 10 , associated with other factors, precede the appearance of ulcerations and foot amputations in this population 20, 21 consistent with the findings of this study, which indicated that points receiving abusive overload to structures frequently bore signs of existing injuries.
Velocity decreased according to the increase in the degree of complicacy, with even lower values in the diabetic foot clinical state (NVG), in agreement with previous findings by other authors who studied the diabetic population with DPN, who considered DPN as a precursor to diabetic foot 22 . The causes could be related to the fact that diabetic individuals, especially those with greater levels of complications, present a shorter stride length and a longer cycle time when compared with healthy subjects, thus agreeing with other studies 4, 20, 22 . Furthermore, with respect to velocity, it was noted that the lower values found in the NG and NVG groups were inversely related to the double support/single support ratio. Therefore, it can be suggested that velocity reduction is a strategy used by this population to confront their musculoskeletal deficits as walking more slowly enables more precise movements and safer steps. This is not enough to avoid the risk of falling, verified by the behavior of the other variables, especially the double support/ single support ratio in which the phases of gait oscillation (single support) require good motor control and balance; however, there was compensation for higher double support values and this relationship reflects a compensation in the development of normal gait. All of these aspects, in conjunction with the lower values of the pressure-time integral when the velocity was greater (detected in the CG), could justify the higher tendency to plantar ulcer in the NVG, in which the decreased velocity resulted in higher values of the pressure-time integral, which, in turn, corresponded to the ratio between the specific area of the foot that sustained higher weight bearing for longer periods. Gait analysis represents much more than the simple fact of observation of walking, but transcends the evaluation of a complex motor act able to represent the basic functionality of the individual and, in the case of the elderly, may also indicate their level of independence. Given the relationship shown in this study between gait parameters and the clinical worsening of neuropathy and peripheral vascular disease, it is important to highlight the ongoing care of diabetic patients in particular, with regard to the prevention and/or control of peripheral vascular disease, which arises as a cause or consequence of more serious cases.
However, these relationships, although strong in this study, have not been investigated by other researchers, thus hampering the theoretical basis of these findings; it is suggested that further studies investigate the relationship between these variables so that in future it will be possible to explain the complicacy of the gait of people with diabetes and diabetic peripheral neuropathy, with or without peripheral vascular disease, more precisely.
Study limitations include the need for another sample group with diabetic peripheral neuropathy and vasculopathy, with no history of ulcers or amputations and it is expected that in the future, the present study will be reproduced taking into consideration standardization for velocity and analysis by regions of the foot. In addition, the use of postprandial blood glucose cannot exclude cases of acute neuropathy and therefore, it is suggested that future studies give preference to the examination of glycated hemoglobin.
In conclusion, DPN represents damage to the integrity of the gait and, for the majority of the variables evaluated, the association with diabetic peripheral vascular disease and the presence of ulcers and/or amputations is strongly related to the worsening of the conditions for good ambulation. Neurovascular compromise was found to be positively related to the values assigned to the pressure-time integral, double support, and double support/single support ratio and negatively related to the values of velocity and single support.
Thus, we highlight the importance of early intervention supported by vasculopathy and DPN verification tests as well as efficient diabetes education as soon as the diagnosis is established. In particular, for a professional with close contact with diabetic patients, tests of tactile sensitivity, perfusion, and blood flow integrity, in addition to questionnaires on neuropathic symptoms and commitment and an assessment of gait parameters should be included in the medical routine. In situations where the professional does not perform the above-mentioned tests, it is of the utmost importance to perceive the need for them and, as a minimum, refer the individual to other professionals.
